Abstract-In this work we propose an adaptive blind linear of PIC have been investigated in the last years [10]- [16]. parallel interference canceller (PIC) for direct-sequence code di-These receivers were examined in [10] for relatively fast fading vision multiple access (DS-CDMA) systems in frequency selective channels, while the problem of error propagation encountered fading channels. A code-constrained constant modulus (CCM) design criterion based on constrained optimization techniques is in these structures was investigated in [11]. A simple solution proposed for PIC detectors in scenarios subject to multipath, and for the error propagation phenomenon was attempted in [12], computationally efficient blind adaptive stochastic gradient (SG) where the authors describe a partial interference cancellation and recursive least squares (RLS) algorithms are described for estimating both the receiver and channel parameters. Simulation for enhancing PIC performance, and then a more general and results for an uplink scenario assess the algorithms, the proposed powerful adaptive weighted PIC 
for direct-sequence code di-These receivers were examined in [10] for relatively fast fading vision multiple access (DS-CDMA) systems in frequency selective channels, while the problem of error propagation encountered fading channels. A code-constrained constant modulus (CCM) design criterion based on constrained optimization techniques is in these structures was investigated in [11] . A simple solution proposed for PIC detectors in scenarios subject to multipath, and for the error propagation phenomenon was attempted in [12] , computationally efficient blind adaptive stochastic gradient (SG) where the authors describe a partial interference cancellation and recursive least squares (RLS) algorithms are described for estimating both the receiver and channel parameters. Simulation for enhancing PIC performance, and then a more general and results for an uplink scenario assess the algorithms, the proposed powerful adaptive weighted PIC This paper is structured as follows. Section II briefly dethe need for training sequences, increasing the throughput and scribes the DS-CDMA communication system model. Secefficiency of wireless networks. tion III focuses on the proposed PIC detector, the linearly Parallel interference cancellation (PlC) [6] has become a constrained CCM receiver front-end, and the blind channel widely deployed structure for uplink scenarios due to its estimator. Section IV is dedicated to the derivation of adaptive good performance and relative simplicity. [17] . Assuming that the channel vector hk is known, the system with K users, N chips per symbol, and Lp paths.
Assuming that the channel is constant during each symbol expression for the CCM receiver can be written as:
interval, the received signal after coherent demodulation and The effective signature sequence for user k, Ck, is proportional Ykm) = wk'(i)ri7)(i)
to the product of the convolution matrix Ck with the channel a set of parameters wk of the blind linear detectors are designed employed to construct the effective signature sequence and on the basis of the CCM criterion, which provide an estimate thus we have for user k that of the transmitted symbol for user k. After linear interference suppression for all users, the user of interest, say user k, Ck(i) Ckhk(i) exploits the subtraction of the remaining users Ej,k Ajbjcj v from the received signal r(i). This procedure is repeated for where hk is the normalized channel estimate for the kth the K users in the system and for m -1 stages in order to user. It follows from (8) that the PIC receiver attempts to accomplish interference cancellation.
preserve the signal of interest, while cancelling the remaining The linear receiver parameter vector Wk is optimized by the signals. It should also be noticed that due to the use of soft following criterion [9] : outputs, amplitude estimation is not required for interference 2 -~~~~reconstruction. From (7) and (8) 
WH(i)r(i) an iteration of a variant of the power method [18] is used: Y(2)(i) = vWH(i) (i -H(i)s(i))wH(i)r() hk(i) (I -(i)Wk(i))hk(i -1)
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(1) where Fk is the Kalman gain vector with dimension M x 1, After m stages an estimate of the transmitted symbols is Rk is the estimate of the matrix Rk and 0 < a < 1 is the generated by: forgetting factor. At each processed symbol, the matrix R-1 (i) is updated and we employ another recursion to estimate (23) where 'y(i) 1/tr[Fk(i)1, tr [.] stands for trace, and we make assume a K = 8 user system under fading (fdT = 10-3) h(i) < hk(i)/hk (i) to normalize the channel. The CCM where all users transmit at the same power level. For BER linear receiver is then designed as described by:
versus number of users, it is also assumed that all users transmit at the same power level, with Eb/No = 15 dB and
that the system is also subject to fading (fdT = 10-3). of system capacity, the proposed PIC receivers were able to and 0(L ) required by (5) and (6) respectively, accommodate up to 5 more users.
V. SIMULATIONS AND RESULTS
The simulation results presented are for a BPSK synchronous DS-CDMA system that employs Gold sequences 7 _ of length N = 31. Because we focus on uplink scenarios, users experimence different channel conditions. All channels 6 assume that Lp = 3. It is also assumed here that the channels [9] denoted CCM-RLS. The proposed receiver with 2 and 3 a stages are denoted PIC-2 and PIC-3 respectively. We found 5-in our studies that the increase of the number of stages after m > 3 does not lead to significant performance improvements. Prentice Hall PTR, 1996.
VI. CONCLUSIONS
In this work we proposed an adaptive blind linear parallel interference canceller (PIC) for direct-sequence code division multiple access (DS-CDMA) systems in frequency selective fading channels. The structure of the proposed PIC receiver consists of multiple stages of blind linear detectors that are designed on the basis of the CCM criterion. Adaptive SG and RLS-type algorithms were derived for the blind estimation of the channel and the parameter vector. Simulation results showed that the proposed receiver achieved gains in terms of BER and SINR perfomance when compared to the single-stage CCM-SG and CCM-RLS receivers.
